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and Till SCHLOSSER 



Express Mail Label No. EL 93268 1 1 99US 



For: 



ARRANGEMENT WITH IMAGE SENSORS 



Assistant Commissioner For Patents 



Washington, D.C. 20231 
Sir: 



PRELIMINARY AMENDMENT 



Applicants herewith the above-identified application. Please amend the application as 
follows. 

IN THE CLAIMS 

Please cancel claims 1-7 without prejudice. 

Please add the following new claims. 
8. Arrangement with image sensors, 

in which an image sensor has a memory transistor and a selection transistor, which are 
connected in series and between a bit line or a reference line, 

in which a gate electrode of the selection transistor is connected to a word line, which 
extends crosswise in relation to the bit line, 

in which the image sensor has a diode, which is switched between a gate electrode of the 
memory transistor and a first source/drain area of the memory transistor, which is connected to 
the selection transistor in such a way that it is polarised towards the first source/drain area of the 
memory transistor and in the reverse direction, 

in which the image sensor has a photodiode, which is switched between a voltage 
connection and the gate electrode of the memory transistor in such a way that it is polarised 
towards the voltage connection and in the reverse direction. 
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9. Arrangement with image sensors, 

in which an image sensor has a memory transistor and a selection transistor, which are 
connected in series and between a bit line and a reference line, 

in which one gate electrode of the selection transistor is connected to a word line, which 
extends crosswise in relation to the bit line, 

in which an image sensor has a diode, which is switched between a gate electrode of the 
memory transistor and a first source/drain area of the memory transistor, which is connected to 
the selection transistor in such a way that it is polarised towards the first source/drain area of the 
memory transistor and in the reverse direction, 

in which an image sensor has a photodiode, which is switched between a voltage 
connection and the first source/drain area of the memory transistor in such a way that it is 
polarised towards the voltage connection and in the reverse direction. 

1 0. Arrangement according to claim 8, 

in which the photodiode consists of a n-doped area and a p-doped area adjacent to this, 
which is connected to the voltage connection. 

1 1 . Arrangement according to claim 10, 

in which the n-doped area of the photodiode, the first source/drain area of the memory 
transistor and/or a first source/drain area of the selection transistor form a cohesive doped area. 

12. Arrangement according to claim 8, 

in which the memory transistor is designed as a vertical transistor, 
in which the first source/drain area of the memory transistor is arranged over a second 
source/drain area of the memory transistor, which is connected to the reference line, 
in which the reference line is buried in the substrate. 
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13. Arrangement according to claim 8, 

in which the diode is designed as a tunnel diode and consists of the first source/drain area 
of the memory transistor, an insulating layer adjacent to this and a conductive structure adjacent 
to this, which is connected to the gate electrode of the memory transistor. 

14. Arrangement according to claim 13, 
in which one substrate has a recess, 

in which the recess extends into the reference line, 

in which at least one lateral face of an upper area of the recess is provided with the 
insulating layer, 

in which faces of a lower area of the recess lying below the upper part are equipped with 
a gate insulator, 

in which the gate electrode of the memory transistors is arranged in the lower part, 
in which the conductive structure of the diode arranged is in the upper part of the recess, 
in which the first source/drain area of the memory transistor is arranged in the substrate 
and is adjacent to the lateral face of the upper area. 

1 5. Arrangement according to claim 9, 

in which the photodiode consists of a n-doped area and a p-doped area adjacent to this, 
which is connected to the voltage connection. 

16. Arrangement according to claim 15, 

in which the n-doped area of the photodiode, the first source/drain area of the memory 
transistor and/or a first source/drain area of the selection transistor form a cohesive doped area. 
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1 7. Arrangement according to claim 9, 

in which the memory transistor is designed as a vertical transistor, 
in which the first source/drain area of the memory transistor is arranged over a second 
source/drain area of the memory transistor, which is connected to the reference line, 
in which the reference line is buried in the substrate. 

1 8. Arrangement according to claim 9, 

in which the diode is designed as a tunnel diode and consists of the first source/drain area 
of the memory transistor, an insulating layer adjacent to this and a conductive structure adjacent 
to this, which is connected to the gate electrode of the memory transistor. 

1 9. Arrangement according to claim 1 8, 
in which one substrate has a recess, 

in which the recess extends into the reference line, 

in which at least one lateral face of an upper area of the recess is provided with the 
insulating layer, 

in which faces of a lower area of the recess lying below the upper part are equipped with 
a gate insulator, 

in which the gate electrode of the memory transistors is arranged in the lower part, 
in which the conductive structure of the diode arranged is in the upper part of the recess, 
in which the first source/drain area of the memory transistor is arranged in the substrate 
and is adjacent to the lateral face of the upper area. 

REMARKS 

Claims 1-7 have been cancelled without prejudice, and claims 8-19 have been added. No 
new matter has been added by virtue of the new claims. 

Early consideration and allowance of the application are earnestly solicited. 
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Respectfully submitted, 




Qeter F. Corless (Reg. 33,860) 
EDWARDS & ANGELL, LLP 
Dike, Bronstein, Roberts & Cushman IP Group 
P.O. Box 9169 
Boston, MA 02209 
Tel 617-439-4400 
Fax 617-439-4170 
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Description 

Arrangement with image sensors 
5 The invention relates to an arrangement with image sensors. 

Image sensors are designed to produce electrical signals 
dependent on the intensity and colour of the projected light. 
To this end the image sensor includes a light-sensitive 
element. The light-sensitive element has a photoactive face. 
The light, which is projected onto the photoactive face, is 
converted by the light-sensitive element into an electrical 
signal. An arrangement with many image sensors is provided to 
record an image electrically, as is necessary for example in 
the case of a camera. The use of image sensors built on CMOS 
technology in contrast to image sensors built on CCD 
technology makes it possible to scan the individual image 
sensors independently from each other. To this end further 
elements as well as circuits are necessary in addition to the 
light sensitive elements. These further elements and circuits 
should only need as small a space as possible in order to 
achieve the best possible fill factor, that is to say the 
ratio between photoactive face and total face. 



30 



35 



Such an arrangement with image sensors built on CMOS 
technology, which is suitable for a camera, is described for 
example in E . R. FOSSUM, "CMOS Image Sensors, Electronic 
Camera on a Chip," I EDM Dig. Techn. Pap., p. 17, 1995. An image 
sensor includes as the light-sensitive element a photodiode 
and three MOS transistors. The circuitry of the transistors 
corresponds to the circuitry of the transistors in a 3 
transistor DRAM cell arrangement. A first and a second 
transistor are connected in series and between a bit line and 
a reference line. A third transistor is connected between a 
gate electrode of the second transistor and the reference 
line. A gate electrode of the first transistor is connected to 



a word line extending crosswise in relation to the bit line. A 
gate electrode of the third transistor is connected to a reset 
line. The photodiode is switched between a voltage connection 
and the gate electrode of the second transistor in such a way 
that it is polarised towards the voltage connection and in the 
reverse direction . 

The invention is based on the problem of providing an 
arrangement with image sensors built on CMOS technology which 
is suitable for a camera and in regard to which an image 
sensor has a higher fill factor in comparison to the prior 
art . 

The problem is solved by an arrangement with image sensors, in 
which an image sensor has a memory transistor and a selection 
transistor, which are connected in series and between a bit 
line and a reference line. A gate electrode of the selection 
transistor is connected to a word line which extends crosswise 
in relation to the bit line. The image sensor has a diode, 
which is switched between a gate electrode of the memory 
transistor and a first source/drain area of the memory 
transistor, which is connected to the selection transistor, in 
such a way that it is polarised towards the first source/drain 
area of the memory transistor and in the reverse direction. 
The image sensor has a photodiode as the light-sensitive 
element, which is switched between a voltage connection and 
the gate electrode of the memory transistor in such a way that 
it is polarised towards the voltage connection and in the 
reverse direction . 

A possible mode of operation of this arrangement is explained 
below : 

The reference line is constantly held on an operating voltage 
V DD . The voltage connection is constantly held on 0 Volt. The 
voltage connection can also be held on a negative voltage. 



Reset of the image sensor: 

The selection transistor is opened via the word line, the 
voltage V DD is applied to the bit line. Voltage equalizing is 
achieved between the gate electrode of the memory transistor 
and V DD via current conduction through the diode. After this 
(reset) operation V DD lies on the gate electrode of the memory 
transistor . 

"Measurement" of the image sensor: 

With the selection transistor blocked, light falls onto the 
photodiode, as a result of which a voltage reduction occurs at 
the gate electrode of the memory transistor. 

Read of the image sensor: 

After a pre -set time (exposure time) the amount of projected 
light is determined by the opening of the selection transistor 
via the word line and the measurement of the signal arising on 
the bit line. To this end the bit line is previously 
discharged to earth. The signal on the bit line is dependent 
on the voltage at the gate electrode of the memory transistor 
at the start of the read operation. On the one hand the 
voltage difference between the gate electrode of the memory 
transistor and the first source/drain area of the memory 
transistor determines the strength of the current flowing 
through the memory transistor and therefore the bit line. On 
the other hand an equalizing current flows over a certain 
period between the gate electrode of the memory transistor and 
the first source/drain area of the memory transistor in the 
reverse direction of the diode until essentially the same 
voltage lies on the gate electrode of the memory transistor as 
on the first source/drain area of the memory transistor so 
that the memory transistor is blocked and no further current 
can flow onto the bit line. This period depends on the voltage 
at the gate electrode of the memory transistor at the start of 
the read operation. This voltage, which correlates with the 
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light incidence, thus determines the signal on the bit line in 
two respects. 

After the read operation a reset is again started. 

5 

Since a pair, which consists of a word line and a bit line, is 
exactly associated with an image sensor, the individual image 
sensors of the arrangement can be scanned via the word lines 
and the bit lines. The signals on the bit lines are 
10 subsequently built up into an image. The arrangement is 
therefore suitable for a camera. 

The problem is also solved by an arrangement with image 
sensors, in which an image sensor has a memory transistor and 

15 a selection transistor, which are connected in series and 

between a bit line and a reference line. A gate electrode of 
the selection transistor is connected to a word line, which 
extends crosswise in relation to the bit line. The image 
sensor has a diode, which is switched between a gate electrode 

20 of the memory transistor and a first source/drain area of the 
memory transistor, which is connected to the selection 
transistor in such a way that it is polarised towards the 
first source/drain area of the memory transistor and in the 
reverse direction. The image sensor has a photodiode, which is 

25 switched between a voltage connection and the first 

source/drain area of the memory transistor in such a way that 
it is polarised towards the voltage connection and in the 
reverse direction . 

30 A possible mode of operation of such an arrangement is 
explained below: 



The reference line is for example constantly held on an 
operating voltage V DD . The voltage connection is for example 
35 constantly held on 0 Volt. 



\ 

6 

Reset of the image sensor: 

The selection transistor is opened via the word line. The 
voltage V DD lies on the bit line. An equalizing current flows 
via the diode between the gate electrode of the memory 
5 transistor and the first source/drain area of the memory 

transistor, until essentially V DD lies on the gate electrode of 
the memory transistor. 



"Measurement" of the image sensor: 

10 With the selection transistor blocked light falls onto the 

photodiode, which leads to a reduction in the voltage at the 
first source/drain area of the memory transistor. An 
equalizing current flows via the diode in the reverse 
direction between the gate electrode of the memory transistor 

15 and the first source/drain area of the memory transistor, 

until essentially the same voltage lies on the gate electrode 
of the memory transistor as on the first source/drain area of 
the memory transistor. The light incidence on the photodiode 
consequently determines the voltage at the gate electrode of 

20 the memory transistor. 



Read of the image sensor: 

The selection transistor is opened via the word line. The 
signal arising on the bit line is measured. The read operation 
25 corresponds to the read operation of the image sensor already 
described above . 



In contrast to the prior art the image sensor is connected 
with one line less, resulting in a better fill factor. 

30 Furthermore the diode can be produced more simply with less 

space requirement than a transistor, since the diode only has 
two inputs or outputs, while the transistor has three inputs 
or outputs (gate electrode and two source/drain areas) . Also 
for this reason the image sensor has a higher fill factor than 

35 image sensors according to the prior art . 
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The diode does not need to meet high requirements. The ratio 
of current in the conducting direction to current in the 
reverse direction can be minimal . The diode can thus have a 
minimum asymmetry. 

5 

The readout time can be very short and can be chosen from 
between 10 ns and 20 ns for example. 

The photodiode for example consists of a n-doped area and a p- 
10 doped area adjacent to this, which form a p-n transition. 
Either the n-doped area is arranged on the p-doped area or 
vice versa. One of the doped areas is wired to the voltage 
connection . 

15 The colour sensitivity of the image sensor can be adjusted via 
the depth of the p-n transition of the photodiode. The 
thickness of the upper doped area, i.e. the depth of the p-n 
transition, is for example between 100 and 600 nm. The doping 
substance concentration of the upper doped area is for example 

20 between 5xl0 18 cm" 3 and 10 20 cm" 3 . The doping substance 

concentration of the lower doped area is for example between 
10 16 cm" 3 and 10 18 cm" 3 . 

The photodiode can be connected via the substrate. For example 
25 the p-doped area is part of a well in the substrate. The 

voltage connection for example is adjacent to the substrate 
outside the arrangement of the image sensors. 

To increase the fill factor it is advantageous if the n-doped 
30 area of the photodiode, the first source/drain area of the 
memory transistor and/or a first source/drain area of the 
selection transistor form a cohesive doped area. 

To increase the fill factor it is advantageous if the memory 
35 transistor is designed as a vertical transistor. The memory 
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transistor owing to its vertical arrangement has lesser space 
requirement than if it were designed as a planar transistor. 

The first source/drain area of the memory transistor is 
5 preferably arranged over a second source/drain area of the 
memory transistor, which is connected to the reference line. 
As a result the fill factor is increased, since the reference 
line is buried in the substrate and therefore the photodiode 
cannot create a shadow. The photodiode consequently can be 
10 arranged over the reference line in such a way that the 
reference line does not reduce the fill factor. 

The diode can be designed as a tunnel diode. A particularly 
high fill factor can be achieved if the diode is integrated 

15 with the memory transistor, since then it does not require any 
space additional to the memory transistor. The diode in this 
case consists of the first source/drain area of the memory 
transistor, an insulating layer adjacent to this and a 
conductive structure adjacent to this, which is connected to 

20 the gate electrode of the memory transistor. The conductive 
structure, as the gate electrode of the memory transistor, 
consists preferably of doped polysilicon. So that the reverse 
direction of the diode points in the right direction, the 
doping substance concentration of the conductive structure is 

25 less than that of the gate electrode and less than that of the 
first source/drain area of the memory transistor. 

It is within the scope of the invention if a substrate has a 
recess, which extends into the reference line. At least one 

30 lateral face of an upper area of the recess is provided with 
the insulating layer. The insulating layer consequently lies 
essentially vertically to a surface of the substrate, from 
which the recess originates. Faces of a lower part of the 
recess lying below the upper part are provided with a gate 

35 insulator. The gate electrode of the memory transistor is 

arranged in the lower part. The conductive structure of the 
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diode is arranged in the upper area of the recess. Thus the 
conductive structure is arranged on the gate electrode. The 
first source/drain area of the memory transistor is arranged 
in the substrate and is adjacent to the lateral face of the 
5 upper area. Part of the reference line acts as second 
source/drain area of the memory transistor. 

The fill factor can be further increased if the selection 
transistor is designed as a vertical transistor. 
10 Alternatively the selection transistor is designed as a planar 
transistor . 



The image sensors for example are arranged in rows and 
columns. The bit lines and word lines extend along the rows 
15 and the columns. 



Embodiments of the invention are explained in more detail 
below by way of the figures. 

20 Figure 1 shows the circuit of a first image sensor. 



Figure 2a shows a top view onto a first substrate with the 
first image sensor, in which a reference line, a 
word line, a gate electrode and a first source/drain 
25 area of a memory transistor, a conductive structure, 

a n-doped area of a photodiode, a first source/drain 
area and a second source/drain area of the selection 
transistor and a bit line are shown. 



30 Figure 2b shows a section through the top view from Figure 2a, 
in which a gate insulator, the gate electrode of the 
memory transistor, the conductive structure, the 
word line, the reference line, the bit line, an 
intermediate oxide, contacts, the first source/drain 

35 area of the memory transistor, the first 

source/drain area of a selection transistor, the 
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second source/drain area of the selection 
transistor, an insulating layer and a second 
source/drain area of the memory transistor are 
shown . 

5 

Figure 3 shows the circuit of a second image sensor. 

Figure 4a shows the top view onto a second substrate with a 
second image sensor, in which a reference line, a 
word line, a bit line, a gate electrode, a first 
source/drain area and a second source/drain area of 
a memory transistor, a first source/drain area and a 
second source/drain area of a selection transistor, 
a conductive structure and a n-doped area of a 
photodiode are shown . 

Figure 4b shows a cross-section through the second substrate, 
in which the bit line, an intermediate oxide, a 
contact, the word line, the reference line, the gate 
electrode, the first source/drain area and the 
second source/drain area of the memory transistor, 
the conductive structure, the n-doped area of the 
photodiode, an insulating layer, the first source- 
/drain area and the second source/drain area of the 
selection transistor and a gate insulator are shown. 

Figure 5a shows a top view onto a third substrate with a third 
image sensor, in which a word line, a bit line, a 
n-doped area of a photodiode, a first and a second 
30 source/drain area of a selection transistor, a first 

source/drain area of a- memory transistor and a line 
are shown . 



Figure 5b shows a first cross-section through the third 
35 substrate, in which the line, contacts, the word 

line, the bit line, an intermediate oxide, a recess, 
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a conductive structure, an insulating layer, a gate 
electrode and a first source drain area of a memory 
transistor, a first source/drain area and a second 
source/drain area of the selection transistor, an 
5 intermediate oxide, a reference line and a gate 

insulator are shown. 

Figure 5c shows a second cross-section through the third 

substrate vertical to the first cross- sect ion, in 

10 which the line, contacts, the bit line, the n-doped 

area of the photodiode, an insulation, the recess, a 
conductive structure, an insulating layer, the gate 
electrode of the memory transistor, the gate 
insulator, the reference line and the intermediate 

15 oxide are shown. 



Figure 6a shows a top view onto a fourth substrate with a 
fourth image sensor, in which a word line, a bit 
line, a n-doped area of a photodiode, a first 
20 source/drain area and a second source/drain area of 

a selection transistor, a first source/drain area of 
a memory transistor and a conductive structure are 
shown . 



25 Figure 6b shows a cross-section through the fourth substrate, 
in which the n-doped area of the photodiode, the 
conductive structure, an insulation, a gate 
electrode of the memory transistor, a reference 
line, the bit line, an intermediate oxide and a gate 

30 insulator are shown. 



Figure 7a shows a top view onto a fifth substrate with a fifth 
image sensor, in which a word line, a bit line, a 
first and a second source/drain area of a selection 
35 transistor, a first source/drain area of a memory 
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transistor, a n-doped area of a photodiode and a 
conductive structure are shown. 

Figure 7b shows the cross- section through the fifth substrate, 
in which a recess, the conductive structure, a gate 
electrode and the first source/drain area of the 
memory transistor, a gate insulator, an insulating 
layer, the n-doped area of the photodiode, the word 
line, the first and the second source/drain area of 
the selection transistor, the bit line, an 
intermediate oxide, a contact and a reference line 
are shown . 

Figure 8 shows a top view onto a sixth substrate with a sixth 
image sensor, in which a n-doped area of a 
photodiode, a first and a second source/drain area 
of a selection transistor, a first source/drain area 
of a memory transistor, a conductive structure, a 
word line and a bit line are shown. 

The figures are not drawn to scale. 

In a first embodiment a first image sensor of an arrangement 
with image sensors includes a memory transistor TV1 , a 
25 selection transistor TR1, a diode ID1 and a photodiode FD1 , 
which are connected to each other according to claim 1 (see 
Figure 1) . 

The memory transistor TV1 and the selection transistor TR1 are 
30 designed as planar MOS- transistors in the vicinity of a 

surface of a first substrate 1. The first substrate 1 has a 
doping substance concentration of approx. 10 17 cm" 3 and is p- 
doped in the vicinity of the transistor. This area is also 
described as well. The first source/drain area of the memory 
35 transistor TV1 and a first source/drain area of the selection 
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transistor* TR1 form a cohesive n-doped area S/Dl in the first 
substrate 1 . 

The doped area S/Dl, a second n-doped source/drain area SI of 
5 the memory transistor TV1 and a second n-doped source/drain 
area Al of the selection transistor TR1 are arranged in a row 
next to each other, at a distance from each other and comprise 
a doping substance concentration of approx. 10 20 cm" 3 . The doped 
area S/Dl, the second n-doped source/drain area SI of the 
10 memory transistor TV1 and the second n-doped source/drain area 
Al of the selection transistor TR1 comprise a square 
horizontal cross-section, that is to say parallel to the 
surface of the first substrate 1 with a side length of approx. 
2 5 0 nm . 

15 

Between the second source/drain area Al of the selection 
transistor TR1 and the doped area S/Dl a gate electrode of the 
selection transistor TRl is arranged on the first substrate 1, 
which is part of a word line Wl (see Figures 2a and 2b) . The 
20 word line Wl is approx. 2 50 nm wide. 

Between the doped area S/Dl and the second source/drain area 
SI of the memory transistor TV1 a gate electrode Gl of the 
memory transistor TV1 is arranged on the first substrate 1. 
25 The gate electrode Gl of the memory transistor TV1 consists of 
n-doped polysilicon and has a doping substance concentration 
of approx. 10 20 cm" 3 . The gate electrode Gl of the memory 
transistor TV1 has a square horizontal parallel cross-section 
with a side length of approx. 250 nm. 

30 

A gate insulator GDI separates the word line Wl and the gate 
electrode Gl of the memory transistor TV1 from the first 
substrate 1 . 



35 



An insulating layer II is arranged on the doped area S/Dl, 
which is adjacent to the gate electrode Gl of the memory 
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transistor TV1 (see Figure 2b) . A conductive structure LI is 
arranged on the insulating layer II, which overlaps the gate 
electrode Gl of the memory transistor TV1 . The conductive 
structure LI can for example be produced by precipitating and 
5 structuring a layer deposited in a conform way from n-doped 
polysilicon. The conductive structure LI is n-doped and has a 
doping substance concentration of approx. 10 19 cm 3 . A 
dimension parallel to the bit line Bl of the conductive 
structure LI is approx 250 nm. A dimension parallel to the 
10 word line Wl of the conductive structure LI is approx. 2 50 nm. 

Adjacent to the surface of the first substrate 1 an approx. 
200 nm thick n-doped area Nl of the photodiode FD1 is arranged 
at a distance of approx. 250 nm from the doped area S/DI . A 

15 dimension vertical to the word line Wl , which is parallel to 
the surface of the substrate 1, of the n-doped area Nl of the 
photodiode FD1 is approx. 800 nm. A dimension parallel to the 
word line Wl , which is parallel to the surface of the 
substrate 1, of the n-doped area Nl of the photodiode FDl is 

20 approx. 600 nm. Under the n-doped area Nl a p-doped area (not 
shown) of the photodiode FDl acts as part of the first 
substrate 1 . 

The conductive structure LI extends from the doped area S/Dl 
25 up to the n-doped area Nl of the photodiode FDl. Between the 
doped area S/Dl and the n-doped area Nl of the photodiode FDl 
the conductive structure LI is separated by an insulation (not 
shown) from the first substrate 1. The conductive structure LI 
is adjacent to the n-doped area Nl of the photodiode FDl from 
30 above . 

An approx. 8 00 nm thick first part of an intermediate oxide Zl 
consisting of Si0 2 is arranged on the first substrate 1. The 
reference line Rl is arranged on the first part of the 
35 intermediate oxide Zl , which is connected via a contact KR1 to 
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the second source/drain area SI of the memory transistor TV1 . 
The reference line Rl extends parallel to the word line Wl . 

An approx. 800 nm thick second part of the intermediate oxide 
Zl is arranged on the first part of the intermediate oxide Zl . 
The bit line BI is arranged on the second part of the 
intermediate oxide Zl, which extends vertically to the word 
line Wl and is connected via a contact KB1 to the second 
source/drain area Al of the selection transistor TR1 . 

The word line Wl and the reference line Rl shade parts of the 
n- doped area Nl of the photodiode FD1 in such a way that the 
photoactive face of the photodiode FD1 is smaller than the n- 
doped area Nl of the photodiode FD1 . 

The diode ZD1 is formed by the doped area S/Dl, the insulating 
layer II and the conductive structure LI. 

An operating voltage V DD , which is approx. 3.3 V, constantly 
20 lies on the reference line Rl . 0V lies on the well in the 

first substrate 1 and consequently on the p-doped area of the 
photodiode FD1 . The well is wired via a voltage connection 
(not shown) . 

25 In a second embodiment a second image sensor of an arrangement 
with image sensors includes a selection transistor TR2 , a 
memory transistor TV2 , a diode 1D2 and a photodiode FD2 , which 
are connected according to claim 2 (see Figure 3) . 

30 The first source/drain area of the memory transistor TV2 , a 

first source/drain area of the selection transistor TR2 and a 
n-doped area of the photodiode FD2 are arranged as cohesive 
doped area S/D2 in the second substrate 2 (see Figures 4a and 
4b) . The doped area S/D2 is adjacent to a surface of the 

35 second substrate 2 . 
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The memory transistor TV2 and the selection transistor TR2 are 
designed as in the first embodiment. The doped area S/D2 , a 
second source/drain-area S2 of the memory transistor TV2 and a 
second source/drain area A2 of the selection transistor TR2 
5 are arranged in a row next to each other and at a distance 
from each other (see Figure 4b) . Between the doped area S/D2 
and the second source/drain area A2 of the selection 
transistor the gate electrode of the selection transistor is 
arranged on the second substrate 2, which is part of a word 
10 line W2 and is separated by a gate insulator GD2 from the 
second substrate 2 (see Figures 4a and 4b) . 

The second source/drain area S2 of the memory transistor TV2 
is part of the reference line R2 , which extends as strip- 
15 shaped doped area parallel to the word line W2 . 

An insulating layer 12 and the gate electrode G2 of the memory 
transistor TV2 are arranged as in the first embodiment (see 
Figures 4a and 4b) . The doped area S/D2 is arranged in a 
20 horseshoe -shape around half the gate electrode G2 of the 

memory transistor TV2 (see Figure 4a) . In order to prevent 
short-circuits the doped area S/D2 does not extend up to the 
reference line R2 . 

25 A conductive structure L2 consisting of n-doped polysilicon is 
arranged on the insulating layer 12 and on the gate electrode 
G2 of the memory transistor (see Figure 4b) . In contrast to 
the first embodiment, the conductive structure L2 is not 
adjacent in the vicinity of the photodiode FD2 to the second 

30 substrate 2. The conductive structure L2 is square from the 
top view with a side length of approx . 2 50 nm. 

An approx. 800 nm thick intermediate oxide Z2 consisting of 
Si02 is arranged on the second substrate 2. The bit line B2 is 
35 arranged on the intermediate oxide Z2 , which extends 

vertically to the word line W2 and is connected via a contact 
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KB2 to the second source/drain area A2 of the selection 
transistor TR2 . 

In a third embodiment a third substrate is provided with a 
5 third image sensor of an arrangement with image sensors, which 
has a selection transistor, a memory transistor, a diode and a 
photodiode, which are connected as in the first embodiment 
(see Figure 1) . 

In contrast to the first embodiment the memory transistor is 
designed as a vertical MOS transistor. To this end an approx. 
500 nm deep recess V3 is provided in the third substrate 3. 
Approx. 4 00 nm below a surface of the third substrate 3, from 
which the recess V3 originates, the reference line R3 is 
arranged in the form of a n-doped layer of the third substrate 
3. The doping substance concentration of the reference line R3 
is approx. 10 19 cm" 3 (see Figures 5b and 5c) . The recess V3 
thus extends into the reference line R3 . The reference line R3 
serves as common reference line for all image sensors of the 
arrangement . 

An approx. 2 nm thick insulating layer 13 consisting of Si0 2 
is arranged on a lateral face of an upper area of the recess 
V3 (see Figure 5b) . In contrast to the insulating layers II, 
25 12 in the first two embodiments, the insulating layer 13 in 
this embodiment lies vertically to the surface of the third 
substrate 3. The insulating layer 13 extends approx. 100 nm 
into the third substrate 3 . 

30 Other faces of the recess V3 are provided with an approx. 6 nm 
thick gate insulator GD3 consisting of Si0 2 (see Figures 5b 
and 5c) . 

The gate electrode G3 of the memory transistor is arranged in 
35 a lower part of the recess V3 lying under the upper part . The 
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gate electrode G3 of the memory transistor fills the recess V3 
up to a height of approx. 100 nm. 

A conductive structure L»3 consisting of n-doped polysilicon is 
5 arranged over the gate electrode G3 of the memory transistor. 
The conductive structure Li3 has a doping substance 
concentration of approx. 10 19 cm" 3 . The gate electrode G3 of 
the memory transistor and the conductive structure L3 together 
fill up the recess V3 . 

10 

The first source/drain area of the memory transistor and a 
first source/drain area of the selection transistor form a 
cohesive n-doped area S/D3 in the third substrate 3, which is 
adjacent to the lateral face of the upper area of the recess 
15 V3 , that is to say the insulating layer 13 (see Figure 5b) . 
The doped area S/D3 has a doping substance concentration of 
approx. 10 20 cm* 3 . 

Part of the reference line R3 , which is adjacent to the recess 
20 V3 , acts as second source/drain area of the memory transistor. 

An approx. 300 nm thick n-doped area N3 of the photodiode is 
provided in the substrate S3 adjacent to the surface of the 
third substrate 3, which is at a distance from the doped area 
25 S/D3 . The n-doped area N3 has a doping substance concentration 
of approx. 10 20 cm' 3 and is rectangular with side lengths of 
800 nm and 600 nm (see Figures 5a and 5c) . The n-doped area N3 
is embedded in a p-doped area of the photodiode, which is part 
of a p-doped well in the third substrate 3 (see Figure 5c) . 

30 

The diode is formed by the doped area S/D3, the insulating 
layer 13 and the conductive structure L3 . 

The second source/drain area A3 of the selection transistor is 
35 designed as the selection transistor in embodiment 2 or 

embodiment 1. The same applies to the word line W3 , which is 
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separated by the gate insulator GD3 from the third substrate 
3 . 

Between the n-doped area N3 and the recess V3 an insulation 
5 IS3 is provided in the third substrate. 

An approx. 800 nm thick first part of an intermediate oxide Z3 
consisting of Si0 2 is arranged on the third substrate 3 (see 
Figures 5b and 5c) . Contacts K3 are arranged in the first part 
10 of the intermediate oxide Z3 , which contact the conductive 
structure Z3 and the n-doped area N3 of the photodiode (see 
Figure 5b) . 

The contacts K3 are connected with each other via a line Q3 
15 arranged on the first part of the intermediate oxide Z3 (see 
Figures 5a and 5c) . 

An approx. 800 nm thick second part of the intermediate oxide 
Z3 is arranged on the first part of the intermediate oxide Z3 . 
20 The bit line B3 is arranged on the second part of the 

intermediate oxide Z3 which extends vertically to the word 
line W3 and is connected via a contact B3 to the second 
source/drain area A3 of the selection transistor. 

25 In a fourth embodiment a fourth substrate 4 is provided with a 
fourth image sensor of an arrangement with image sensors, 
which has a selection transistor, a memory transistor, a diode 
and a photodiode, which are connected as in the third 
embodiment (see Figure 1) . 

30 

The fourth image sensor is essentially designed as the third 
image sensor with the difference that no line is provided with 
associated contacts, which connects the conductive structure 
L4 to the n-doped area N4 of the photodiode. Instead the 
35 conductive structure L2 extends laterally up to the n-doped 
area N4 of the photodiode. The conductive structure L4 is 



20 

arranged on the insulation IS4 , the consequence of which is 
that the conductive structure L4 is only adjacent in the 
section of the n-doped area N4 of the photodiode to the fourth 
substrate 4 (see Figures 6a and 6b) . 

5 

An approx. 800 nm thick intermediate oxide Z4 consisting of 
Si0 2 is provided, on which the bit line B4 is arranged and is 
connected via a contact (not shown) to the second source/drain 
area of the selection transistor. 

10 

As in the third embodiment a gate insulator GD4 , a gate 
electrode G4 of the memory transistor, a common doped area 
S/D4, a second source/drain area A4 of the selection 
transistor, a reference line R4 , a word line W4 , a bit line B4 
15 and an insulation IS4 are provided. 

In a fifth embodiment a fifth substrate 5 is provided with a 
fifth image sensor of an arrangement with image sensors, which 
has a selection transistor, a memory transistor, a photodiode 
20 and a diode, which are connected as in the second embodiment 
(see Figure 3 ) . 

The memory transistor, the selection transistor, an insulating 
layer 15, the word line W5 , the reference line R5 and the bit 

25 line B5 are designed as in the fourth embodiment (see Figures 
7a and 7b) . Thus a second source/drain area A5 of the 
selection transistor, a gate insulator GD5, a contact KB5 to 
the bit line B5 , an intermediate oxide 25 and a gate electrode 
G5 of the memory transistor are provided in a recess V5 as in 

30 the fourth embodiment . 

In contrast to the fourth embodiment the n-doped area of the 
photodiode, the first source/drain area of the memory 
transistor and a first source/drain area of the selection 
35 transistor form a cohesive n-doped area S/D5. The doped area 
S/D5 has a rectangular cross-section with side lengths of 



approx. 700 nm and 800 nm. The lateral distance between the 
recess V5 and the word line W5 is 700 nm. The conductive 
structure L5 of the diode is arranged completely inside the 
recess V5 and is not adjacent to the fifth substrate 5 (see 
5 Figures 7a and 7b) . 

In a sixth embodiment a sixth substrate 6 is provided with a 
sixth image sensor of an arrangement with image sensors, which 
is designed corresponding to the fifth image sensor, with the 
10 difference that a lateral distance between the recess and the 
word line W6 is only 2 50 nm and the doped area S/D6 extends 
beyond an area between the recess and the word line W6 (see 
Figure 8) . 

15 As in the fifth embodiment a first source/drain area of the 

selection transistor, a first source/drain area of the memory 
transistor and a n-doped area of the photodiode form a common 
doped area S/D6 . As in the fifth embodiment the gate electrode 
of the memory transistor and the conductive structure L.6 are 

20 arranged in a recess. As in the fifth embodiment a second 

source/drain area of the selection transistor and the bit line 
B6 are provided. 

Many variations of the embodiments, which also fall within the 
25 scope of the invention, are conceivable. Thus dimensions of 
the described layers, structures, lines and areas can be 
adapted to the particular requirements. The same applies for 
the choice of the materials and for the doping substance 
concentrations . 



30 
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1. Arrangement with image sensors, 

5 - in which an image sensor has a memory transistor and a 
selection transistor, which are connected in series and 
between a bit line or a reference line, 

- in which a gate electrode of the selection transistor is 
connected to a word line, which extends crosswise in relation 

10 to the bit line, 

- in which the image sensor has a diode, which is switched 
between a gate electrode of the memory transistor and a first 
source/drain area of the memory transistor, which is connected 
to the selection transistor in such a way that it is polarised 

15 towards the first source/drain area of the memory transistor 
and in the reverse direction, 

- in which the image sensor has a photodiode, which is 
switched between a voltage connection and the gate electrode 
of the memory transistor in such a way that it is polarised 

20 towards the voltage connection and in the reverse direction. 

2 . Arrangement with image sensors, 

- in which an image sensor has a memory transistor and a 
selection transistor, which are connected in series and 

25 between a bit line and a reference line, 

- in which one gate electrode of the selection transistor is 
connected to a word line, which extends crosswise in relation 
to the bit line , 

- in which an image sensor has a diode, which is switched 

30 between a gate electrode of the memory transistor and a first 
source/drain area of the memory transistor, which is connected 
to the selection transistor in such a way that it is polarised 
towards the first source/drain area of the memory transistor 
and in the reverse direction, 

35 - in which an image sensor has a photodiode, which is switched 
between a voltage connection and the first source/drain area 
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of the memory transistor' in such a way that it is polarised 
towards the voltage connection and in the reverse direction. 

3. Arrangement according to claim 1 or 2 , 

- in which the photodiode consists of a n-doped area and a p- 
doped area adjacent to this, which is connected to the voltage 
connection. 

4. Arrangement according to claim 3, 

- in which the n-doped area of the photodiode, the first 
source/drain area of the memory transistor and/or a first 
source/drain area of the selection transistor form a cohesive 
doped area. 

5. Arrangement according to one of claims 1 to 4, 

- in which the memory transistor is designed as a vertical 
transistor, 

- in which the first source/drain area of the memory 
transistor is arranged over a second source/drain area of the 
memory transistor, which is connected to the reference line, 

- in which the reference line is buried in the substrate. 

6. Arrangement according to one of claims 1 to 5, 

- in which the diode is designed as a tunnel diode and 
consists of the first source/drain area of the memory 
transistor, an insulating layer adjacent to this and a 
conductive structure adjacent to this, which is connected to 
the gate electrode of the memory transistor. 

7. Arrangement according to claim 6, 

- in which one substrate has a recess, 

- in which the recess extends into the reference line, 

- in which at least one lateral face of an upper area of the 
recess is provided with the insulating layer, 

- in which faces of a lower area of the recess lying below the 
upper part are equipped with a gate insulator, 
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- in which the gate electrode of the memory transistors is 
arranged in the lower part, 

- in which the conductive structure of the diode arranged is 
in the upper part of the recess, 

5 - in which the first source/drain area of the memory 

transistor is arranged in the substrate and is adjacent to the 
lateral face of the upper area. 
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Abstract 

Arrangement with image sensors 

5 A memory transistor and a selection transistor of an image 

sensor are connected in series and between a bit line (B5) and 
a reference line (R5) . A gate electrode of the selection 
transistor is connected to a word line (W5) , which extends 
crosswise in relation to the bit line (B5) . A diode of the 

10 image sensor is switched between a gate electrode (G5) of the 
memory transistor and a first source/drain area (S/D5) of the 
memory transistor, which is connected to the selection 
transistor in such a way is polarised towards the first 
source/drain area (S/D5) of the memory transistor and in the 

15 reverse direction. A photodiode of the image sensor is 

switched between a voltage connection and either the gate 
electrode (G5) of the memory transistor or the first 
source/drain area (S/D5) of the memory transistor in such a 
way that it is polarised towards the voltage connection and in 

20 the reverse direction. 

Figure 7b 
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